BACKGROUND: Nosocomial pneumonia is a difficult diagnosis to establish in the intensive care unit setting, due to the non-specific nature of the clinical and radiographic findings. Procalcitonin is a circulating biomarker that may become elevated in the presence of bacterial infection. METH-ODS: We conducted a prospective single-center cohort study at Barnes-Jewish Hospital, a 1,200-bed urban teaching hospital in St Louis, Missouri. In medical and surgical intensive care unit patients with suspected nosocomial pneumonia we measured plasma procalcitonin with an enzymelinked fluorescent assay. RESULTS: We evaluated 104 consecutive patients with suspected nosocomial pneumonia, 67 (64%) of whom met our predefined clinical and microbiologic criteria for definite nosocomial pneumonia. Though the mean procalcitonin concentration was greater in the 67 patients with definite nosocomial pneumonia (18.3 ؎ 99.1 ng/mL, median 0.8 ng/mL, 5th percentile 0.0 ng/mL, 95th percentile 43.1 ng/mL) than in the 12 patients with definite absence of nosocomial pneumonia (1.7 ؎ 2.0 ng/mL, median 1.0 ng/mL, 5th percentile 0.0 ng/mL, 95th percentile 6.7 ng/ mL), this difference was not statistically significant (P ‫؍‬ .66). A procalcitonin cutoff value of > 1 ng/mL yielded a diagnostic sensitivity of 50% and a specificity of 49% for definite nosocomial pneumonia. Receiver operating curve and multivariate logistic regression analyses demonstrated that procalcitonin is inferior to clinical variables for diagnosing nosocomial pneumonia. However, compared to patients with an initial procalcitonin > 1 ng/mL, those with lower procalcitonin had fewer total antibiotic days (13.0 ؎ 10.3 d vs 19.7 ؎ 12.0 d, P < .001) and fewer antibiotic days for treatment of nosocomial pneumonia (10.0 ؎ 5.9 d vs 14.7 ؎ 7.4 d, P < .001). CONCLUSIONS: Plasma procalcitonin has minimal diagnostic value for nosocomial pneumonia.
Introduction
Nosocomial pneumonia is a common infection in the intensive care unit (ICU) setting and includes patients with healthcare-associated pneumonia, hospital-acquired pneumonia, and ventilator-associated pneumonia (VAP). 1, 2 Nosocomial pneumonia is usually suspected when new or pro-SEE THE RELATED EDITORIAL ON PAGE 530 gressive infiltrates develop in a patient with fever, leukocytosis, or leukopenia, and purulent tracheobronchial secretions. 2, 3 However, non-infectious conditions such as pulmonary embolism, atelectasis, congestive heart failure, and chemical aspiration can mimic the clinical and radiographic features of nosocomial pneumonia, making an accurate diagnosis problematic in many cases. 4, 5 As a result, patients with pneumonia could have antibiotic therapy withheld if the correct diagnosis is not made, while patients with non-infectious conditions could receive needless antibiotic therapy.
Biomarkers have been developed that may aid with the diagnosis of bacterial infections, including nosocomial pneumonia. 6 Procalcitonin is a precursor of calcitonin and is up-regulated during bacterial infection, and is a sensitive and specific marker of various bacterial infections. 7, 8 However, based on studies to date, the diagnostic utility of procalcitonin in nosocomial pneumonia is controversial. [9] [10] [11] [12] [13] Potential explanations for the limited accuracy of procalcitonin for nosocomial pneumonia to date include the nonspecific diagnostic criteria employed for this infection, inaccuracy in the procalcitonin assay, use of arbitrary procalcitonin cutoff values, and the presence of unrecognized concurrent infection. 6, 7 Therefore, we conducted a clinical study to determine the utility of plasma procalcitonin concentration for diagnosing nosocomial pneumonia in the ICU, and to compare the predictive accuracy of procalcitonin concentration to that of the Clinical Pulmonary Infection Score (CPIS) for the diagnosis of nosocomial pneumonia.
Methods

Study Population and Data Collection
The study was conducted in the medical ICU (19 beds) and surgical ICU (24 beds) of Barnes-Jewish Hospital (1,200 beds), an urban teaching hospital in St Louis, Missouri. Between June 2009 and January 2010 we prospectively evaluated 104 consecutive adult patients with suspected nosocomial pneumonia. The Washington University School of Medicine institutional review board reviewed and approved the research protocol and waived the informed-consent requirement because we used plasma samples drawn for routine laboratory testing.
For all study patients, at the time nosocomial pneumonia was first suspected (baseline), we prospectively recorded age, sex, race, body temperature, leukocyte count, presence of purulent secretions, CPIS, P aO 2 /F IO 2 , and comorbid conditions (eg, COPD, congestive heart failure, diabetes, renal failure, cirrhosis, and malignancy). Respiratory secretion specimens, including bronchoalveolar lavage fluid, were processed using quantitative culture methods, as previously described. 14, 15 Plasma procalcitonin was assayed with a procalcitonin enzyme-linked fluorescent assay (BRAHMS assay, VI-DAS analyzer, bioMérieux, Marcy l'Etoile, France), which has a functional detection limit (coefficient of variation 20%) of 0.09 ng/mL. The assay has a coefficient of variation of 6.2% at a mean concentration of 1.33 ng/mL and 6.4% at a mean concentration of 13.2 ng/mL (n ϭ 62 and 2 reagent lot numbers). Excess plasma samples were obtained from the clinical laboratory. The samples were drawn at the time of initial suspicion of nosocomial pneumonia, and a second sample was drawn approximately 48 hours later. All the samples were analyzed within 24 hours of being obtained.
Definitions of Nosocomial Pneumonias
Patients with suspected nosocomial pneumonia were prospectively defined as individuals whose ICU treating physicians made a clinical diagnosis of healthcare-associated pneumonia, hospital-acquired pneumonia, or VAP and initiated antibiotics. On the basis of clinical, radiologic, and microbiologic data, these patients were assigned to 3 groups: 2, 3 • Definite Absence of Pneumonia: patients with non-infectious diseases (eg, interstitial lung disease, pulmonary edema, atelectasis, and acute respiratory distress syndrome), negative respiratory culture results, and who were not receiving antibiotics at the time respiratory cultures were obtained The concentration of microorganisms considered clinically important for the diagnosis of pneumonia was Ͼ 10 3 colony-forming units/mL in bronchoalveolar lavage fluid or Ͼ 10 5 colony-forming units/mL in tracheal aspirates or sputum. 5 All classifications and CPIS scores were prospectively determined by one of us (JD) and confirmed by MHK. All investigators were blinded to the procalcitonin results until study completion.
The antibiotic days for the treatment of nosocomial pneumonia was the number of days on new antibiotic treatment from the day that nosocomial pneumonia was first suspected to the day that the nosocomial pneumonia antibiotics were stopped. Total antibiotic days were the number of days from the day that nosocomial pneumonia was first suspected to the day that all antibiotics were stopped (ie, after the nosocomial pneumonia antibiotics were stopped).
Statistical Analysis
All comparisons were unpaired, and all tests of significance were 2-tailed. We compared continuous variables with the Student t test for normally distributed variables and the Mann-Whitney U test for non-normally distributed variables. We compared categorical variables with the chisquare test or Fisher exact test. For all analyses we considered a 2-tailed P value Ͻ .05 statistically significant. We constructed receiver operating characteristic (ROC) curves to illustrate the performance differences of plasma procalcitonin concentration and CPIS for diagnosing pneumonia. We conducted multivariate logistic regression analysis to determine independent risk factors for definite pneumonia. We entered variables predictive of definite pneumonia (by bivariate analysis with a P value Ͻ .15) into the model, in a stepwise manner. We performed the analyses with statistics software (SPSS 11.0, SPSS, Chicago, Illinois).
Results
Patient Characteristics
We enrolled 104 consecutive ICU patients with suspected nosocomial pneumonia (Table 1) . Sixty-one (59%) had suspected VAP, 27 (26%) had suspected hospitalacquired pneumonia, and 16 (15%) had suspected healthcare-associated pneumonia. Patients with VAP were significantly more likely to be classified as having definite pneumonia (82%) than patients with hospital-acquired pneumonia (48%, P ϭ .001) or those with healthcareassociated pneumonia (25%, P Ͻ .001). Patients classified as having definite pneumonia had statistically greater Acute Physiology and Chronic Health Evaluation II score and were more likely to be in the surgical ICU than the patients classified as indeterminate pneumonia.
Among the 67 patients with definite pneumonia, 18 (27%) had polymicrobial infections. The pathogens identified in these patients included Pseudomonas aeruginosa (n ϭ 17), methicillin-susceptible Staphylococcus aureus (n ϭ 11), methicillin-resistant S. aureus (n ϭ 9), Acinetobacter species (n ϭ 8), Klebsiella species (n ϭ 8), Enterobacter species (n ϭ 7), Streptococcus pneumoniae (n ϭ 7), Haemophilus influenza (n ϭ 6), Serratia species (n ϭ 4), Escherichia coli (n ϭ 4), Citrobacter species (n ϭ 1), Achromobacter species (n ϭ 1), and Stenotrophomonas maltophilia (n ϭ 1).
Procalcitonin Assay
The mean duration between the 2 plasma samples for procalcitonin measurement was 56.1 Ϯ 8.9 hours (minimum 28.8 h, maximum 73.9 h). Though the mean baseline procalcitonin concentration was greater in the 67 patients with definite pneumonia (18.3 Ϯ 99.1 ng/mL, median 0.8 ng/mL 5th percentile 0.0 ng/mL, 95th percentile 43.1 ng/ mL) than in the 12 patients with definite absence of pneumonia (1.7 Ϯ 2.0 ng/mL, median 1.0 ng/mL, 5th percentile 0.0 ng/mL, 95th percentile 6.7 ng/mL]) (Table 2), this difference was not statistically significant (P ϭ .66).
No best procalcitonin cutoff value for the diagnosis of nosocomial pneumonia could be established. A procalcitonin cutoff value of 1 ng/mL at the time pneumonia was first suspected yielded a diagnostic sensitivity of 50%, a specificity of 49%, a positive predictive value of 64%, and a negative predictive value of 35% for definite pneumonia.
The corresponding values when the 25 patients classified as indeterminate were excluded were sensitivity 50%, specificity 40%, positive predictive value 84%, and negative predictive value 11%.
Procalcitonin cutoff values of 0.5 ng/mL and 2.0 ng/mL resulted in similar operating characteristics for the assay. The median procalcitonin concentration values obtained 48 hours after the initial suspicion of pneumonia did not change significantly in any of the 3 groups, compared to the baseline values, and most of the individual procalcitonin concentration values overlapped between the groups at both the initial and the 48-hour time point (Fig. 1) . Patients classified as having definite pneumonia had decreases in procalcitonin concentration between the 2 measurements that were statistically greater than in the patients classified as definite absence of pneumonia or indeterminate pneumonia (see Table 2 ).
Comparison of Procalcitonin to CPIS
CPIS obtained 48 hours after the initial suspicion of pneumonia was statistically greater in patients classified as definite pneumonia and indeterminate pneumonia, compared to those classified with definite absence of pneumonia (see Table 2 ). CPIS obtained 48 hours after the initial suspicion of pneumonia was statistically lower, compared to CPIS obtained at baseline for all 3 pneumonia categories; however, most of the individual CPIS values again overlapped between groups (Fig. 2) . There was also significant overlap of procalcitonin concentration for all individual CPIS values at baseline and 48 hours later (r ϭ Ϫ0.011 and 0.139 respectively, P ϭ .67 and .15, respectively). A CPIS cutoff value of Ͼ 6 had a diagnostic sensitivity of 48%, a specificity of 60%, a positive predictive value of 68%, and a negative predictive value of 39%. A similar analysis with a CPIS cutoff value of Ͼ 6 obtained 48 hours after the initial suspicion of pneumonia yielded a sensitivity of 18%, a specificity of 81%, a positive predictive value of 63%, and a negative predictive value of 36%. Figure 3 shows the ROC curves for the correlation of definite pneumonia to procalcitonin and CPIS at baseline and 48 hours. The area under the ROC curve for CPIS was greater than that for procalcitonin concentration, at baseline (0.548, 95% CI 0.421-0.674, versus 0.506, 95% CI 0.386 -0.626, respectively, P ϭ .35) and at 48 hours (0.590, 95% CI 0.459 -0.721, versus 0.385, 95% CI 0.268 -0.503, P ϭ .07). Figure 4 shows the ROC curves for the procalcitonin and CPIS differences between baseline and 48 hours. The area under the ROC curve for the CPIS difference was statistically greater than that for the procalcitonin difference (0.582, 95% CI 0.462-0.702, versus 0.321, 95% CI 0.201-0.441, P Ͻ .004). Logistic regression analysis identified CPIS Ͼ 6 (adjusted odds ratio 4.1, 95% CI 2.2-7.7, P ϭ .02) and the difference in CPIS score (adjusted odds ratio 1.5, 95% CI 1.2-1.8, P ϭ .03) as the only independent predictors of definite pneumonia. Table 3 shows the prognostic value of procalcitonin and CPIS for hospital and ICU stay, duration of mechanical ventilation, and antibiotic duration. Compared to patients with an initial procalcitonin value Ͼ 1 ng/mL, those with lower procalcitonin values had fewer total antibiotic days and fewer antibiotic days for treatment of nosocomial pneumonia. Similarly, compared to patients with an initial CPIS Ͼ 6, those with lower CPIS had fewer total antibiotic days and fewer antibiotic days for treatment of nosocomial pneumonia.
Antibiotic Duration, Hospital and ICU Stay, and Hospital Mortality
Hospital mortality was greater in patients with procalcitonin Ͼ 1 ng/mL when pneumonia was first suspected (31% vs 16%, P ϭ .07) and after 48 hours (37% vs 10%, P ϭ .002), compared to patients with procalcitonin Յ 1 ng/ mL. Hospital mortality was similar in patients with CPIS Ͼ 6 when pneumonia was first suspected (28% vs 19%, P ϭ .31) and after 48 hours (21% vs 23%, P ϭ .86), compared to patients with CPIS Յ 6.
Logistic regression analysis identified increasing Acute Physiology and Chronic Health Evaluation II scores (1-point increments) (adjusted odds ratio 1.11, 95% CI 1.06 -1.15, P ϭ .008) and procalcitonin Ͼ 1 ng/mL 48 hours after the first suspicion of pneumonia (adjusted odds ratio 7.2, 95% CI 3.1-16.9, P ϭ .02) as independent predictors of hospital mortality.
Discussion
This study found that serum procalcitonin concentration was not a good predictor of definite nosocomial pneumonia in ICU patients. By ROC curve analysis and logistic regression analysis, CPIS and the CPIS difference were better predictors of definite pneumonia than was procalcitonin concentration.
Luyt et al evaluated 73 suspected VAP episodes and found that procalcitonin concentration and rise in procalcitonin had poor diagnostic value for VAP. 13 Using a cutoff of 0.5 ng/mL, procalcitonin had a sensitivity of 72% and a specificity of 24% for the diagnosis of VAP. However, Luyt et al also found that patients with VAP and sustained elevated procalcitonin had greater hospital mortality than patients with VAP but whose procalcitonin decreased. 11 Similarly, Seligman et al found that serial elevated procalcitonin was an independent predictor of outcome in patients with VAP. 12 Gibot et al found that other serum markers (tumor necrosis factor alpha and interleukin-1␤) were not as accurate as CPIS for diagnosing VAP. 10 Duffo et al found that serum procalcitonin, but not alveolar procalcitonin, might be useful for diagnosing VAP. 9 However, using a procalcitonin cutoff of 3.9 ng/mL yielded a sensitivity of 41% and a specificity of 100%. Taken together with our results, the available data suggest that procalcitonin is not useful for diagnosing nosocomial pneumonia. 9, 11, 12 Procalcitonin has also been used to guide antibiotic therapy in patients with respiratory infections. 16 Schuetz et al found that serial procalcitonin measurement, with predefined cutoff ranges for starting and stopping antibiotics, reduced antibiotic duration by 3 days in patients with lower-respiratory-tract infections. 17 Similarly, Bouadma et al used predefined procalcitonin cutoff ranges for starting and stopping antibiotics in patients with infection requiring ICU admission, resulting in approximately the same number of antibiotic-free days for the procalcitonin- managed patients as found in the study by Schuetz et al. 18 However, those 2 studies focused primarily on patients with respiratory-tract infections, and the results may not be applicable to patients with other infections, including severe sepsis. 19 Additionally, it is not clear how rigorously antibiotics were managed in the control arms of those studies. 20 A previous investigation found that a pharmacist-driven protocol had a similar effect on reducing the duration of antibiotics in the ICU setting. 21
Limitations
First, we included patients with healthcare-associated pneumonia, hospital-acquired pneumonia, and VAP, so our diagnostic classification may not have been as accurate as if we had included only patients with VAP. However, our findings were similar to those of Luyt et al, 11, 13 and we found similar results when we excluded the patients with healthcare-associated pneumonia and hospitalacquired pneumonia from the analysis (data not shown). 13 Second, most of our patients were classified as having definite pneumonia, which may have influenced the results if some of those patients were misclassified. Nevertheless, the patients with definite pneumonia met all the clinical and microbiologic criteria for the classification, as determined by 2 blinded investigators. Third, our study may have been underpowered to identify all the variables associated with definite pneumonia and hospital mortality. Fourth, although we excluded patients with any clinically identifiable concurrent infection, we cannot exclude the possibility that some patients had occult concurrent infections that were not clinically identified. Fifth, the procalcitonin change in patients with definite pneumonia may reflect the influence of antibiotic therapy. However, we did not attempt to assess the impact of various antibiotic regimens on procalcitonin or procalcitonin changes.
Conclusions
Our findings suggest that procalcitonin does not assist in diagnosing nosocomial pneumonia. However, the relationship between procalcitonin and antibiotic duration supports procalcitonin as a potential guide for starting and stopping antibiotics in ICU patients. 16, 17, 22 Additional studies are needed to assess procalcitonin as a tool for managing antimicrobial therapy in patients with nosocomial pneumonia. 
